Review of Basic Mathematics

This notes review prerequisite math for MGT 201.

1 Summation

Throughout this course we will be concerned with
computations that involve potentially large data sets.
As a result, it is useful to develop notation designed
to express these lengthy computations in a precise
but succinct way. On such notation is called sigma
(>°) notation.

Sigma notation is useful to indicate a sum. Fre-

quently you will see statements like

(expression which depends on )

3
=1

K2

The variable 7 is termed the variable or index of sum-
mation. In this case, i is to begin with the value 1
and we will terminate the summation after ¢ = 3.

The basic idea is simple:

1. Substitute the current value of 7 into the expres-

sion which depends upon i;

2. Increase ¢ by 1 and return to step (1).

Examples

(1)

3
Y i=14+2+3=6

=1

(4)
3
> =
k=1

Note: If x;, represents the value of the k-th data point
in a data set, then (4) represents the sum of the first
three data points. j! is the factorial of j: j! =1 x
2X X7,

1.1 Rules for Using Sigma ) Notation

Rule 1: For any constant ¢

Proof.

Examples:

(a) §6=(6+6+6)=3(6)=18
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b 4, or function. Fortunately, it is frequently easy to find
(b) y; Y= the area under a curve by integration.
Rule 3: Suppose we wish to find the area under f(z) = 22,
n for x € [0,1]. We can use the fact that the area under
Z T+ Yi) Z zi + Zyl (3)  a curve of the form f(z) = 2™ is of the form:
i=1
n 1 n+1
Proof. Area = [ z"dx = i (10)
S @ity = (o1 +y0) + (w2 y2) o+ (w0 + ) 5
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will also need the following formula (let ¢ be a con-
Rule 4: stant)

n m n cx . 1 cx
SNy =3 (e 4wt ) () [etar= e (11)
i=1 j=1 i=1

=(rn+xi2+-+21m 5 . .
(11 + o2 tm) (5) 2.1 Rules for Using Integration [
+ (w21 + 222 + -+ + Tom) (6)
+... (7) ,
+ (Tn1 + Tn2 + -+ Tom)- (8) / cdz = cx|’ = ¢(b) — ¢(a) = ¢(b — a)
For example, for the matrix (12)
X=(zij)=]21 22 23], 9) i d d 14
4 5 Jir@)+ @iz = [ f@ao+ [grae 19)
we have Exercise:
3 2
Z Z zi; = (12) + (22) + (32) = 1. Sigma Notation
i=1 j=2

928

ZZ%_ (214 22) + (31 +32) = 6 5
i= 2] 1 (a)Zk (b)ZQ(i—l) (€)Y (2k+1)

i=1 i=1 k=0
szm— (124 13) + (22 +23) = U LD
=i (@)Y (1) C)IEL T F!
i=1 k=1 n=1
3 2 7 100
2 Integration 9> ) (h)> 2 @)Y n
k=0 n=0 n=1
3 4 5 6
It should come as no surprise that we will be ex- () Z(x +az +5) (k)Z(m2 + 34) (Z)ZZ@-HU)
tremely interested in computing probabilities in this —1 i—1 =2 y—5

class. One elegant way of obtaining a probability is

to determine the area under a carefully chosen curve 2. Integration



(a) /2 " s () /0 “Pde (o) [ ;36x2dx

(d) /2 (& +2)dz (e)/_3 sdr (f) /01 %e_%dx

-3 -7

(9) /4 (2% + 4x)dx

-1

(h) Find the value of ¢ that makes the following true

1
/ (22 + x + ¢)dx = 1.
0

3 Sets and Functions

A set S is made up of elements, and if x is one of
these elements, we shall denote this fact by = € S.
There is exactly one set with no elements. It is the
empty set ). We may describe a set either by giving a
characterizing property of the elements, such as “the
set of even whole positive numbers that are less than
9” K

{x : x is an even whole positive number less than 9 }
or by listing all the elements. The standard way to
describe a set by listing elements is to enclose the

designations of the elements , separated by commas,
in braces, from example, {2,4,6,8 }.

Example: Let S = {1,2,3}. This set has a total
of eight subsets, namely 0, {1}, {2}, {3}, {1,2},
{1,3},{2,3} and {1,2,3}.

Example: ZT C Z, 7 C Q C R.

A function f is arule that assigns each input number
x from set A to exactly one output number f(z) in
set B. The set A of all input numbers is called the
domain. The set of all output numbers is called the
range. Notation f: A — B.

One way of geometrically representing a function is
by graphing it on a rectangular coordinate system.
We plot ordered pairs, or points. For example, y =
2?2+ 1.

There are many kinds of functions with special struc-

ture. Some are:

Constant functions
flx)y=19

Polynomial functions (including linear and quadratic)

f(x)=3z* +122 -5

Compound functions

1, if —1<s<l,
f(s)=<o0, if 1<s<2,
s—3, if 2<s<8.

{2,4,6,8} = {: x is an even whole positive number less than 9 }

={2z:2=1,2,3,4}

A set is well defined, meaning that if S is a set and
a is some object, then either a is definitely in S, de-
noted by a € S, or a is definitely not in S, denoted
by a € S. Throughout of this class, we will be work-
ing with familiar sets of numbers. The notation for
these sets: Z is the set of all integers (that is, whole
number: positive, negative, and zero). Q is the set
of all rational numbers (that is, numbers that can be
expressed as quotients m/n of integers, where n # 0).
R is the set of all real numbers. ZT, Qt, and Rt are
the sets of positive members of Z, Q and R, respec-

tively.

If every element of B is in set A, then set B is a subset
of a set A, denoted by B C A or A D B.

We can also plug one function inside of another. This

is called a composition of functions. Notation:
fog(@)=flg(x)) (15)

Example: Let f(z) = /x and g(z) = z + 1. Then
fog(x)=?And go f(z) =?

Example: Let f(z) = z?—frg, g(x) = e*. Then fo
g(x) =7 And go f(x) =7

4 Review of Algebra

4.1 Basic Properties of Real Numbers

Let a, b, c and d be real numbers:
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.a+b=b+a

ab = ba

a+(b+c)=(a+bd)+c

a(bc) = (ab)c

a(b+c) = ab+ ac
a(b—c¢) =ab— ac
(a+b)c=ac+be
(a —c)e =ac—be

a+0=a

a—(=b)=a+b
0(2)=1
t=at

(—a)(=b) = ab
—a _ @a

-b b

—a _ _a __ a
b — b —b
ay b _ atb
c+c_ c
a_b_a=b
c c
a.c_ ac
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c/d be

a _ ac

b be

4.2 Basic Laws of Exponents

let @ and b be real numbers and let m and n be inte-

gers:

1.a’=1 (a #0)

2. a7 " =L (a #0)

4.3 Basic Laws of Radicals

let a and b be real numbers and let m and n be inte-

gers:

1. /a=al/n

2. (Va)" =a, (Va") = a (a>0)
3. ¥am = (Ya)™ = am/m

4. Vab= /a¥b

5. /% = :\;/%

6. V//a= "/a

4.4 Algebraic Expressions

A variable is a symbol representing a quantity which
is capable of assuming any of a set of values. For

2

example, in the expression z2 + y2 = 22, z, y and z

are variables.

Here is an example of an algebraic expression:

5
10y° — 3 —.
Y vyt 7+ y?
In this expression variable is y. It has 3 terms: 10y2,
3/y and %1/2 Some of the factors of the first term

are 2, 5, v, 2y, 5y, 10y? and 10y3.



4.5 Special Products

Let a and b be real numbers and let x be a variable:

1. (x+a)(x+b) =2%+ (a+b)x +ab

2. (z+a)? =22+ 2az + a®
3. (x—a)? =22 —2az +a®
4. (x+a)(r —a) =2 — a?
5. (z +a)? = 23 + 3a2? + 3a®x + a3

6. (x —a)® =123 — 3az? + 3a’x — a®

4.6 Factoring Formulas
Let a, b and ¢ be real numbers:

1. ab+ac=a(b+ c)

2. a®> —b*=(a+b)(a—0b)

3. a® +2ab+b? = (a+b)?

4. a® = 2ab+b* = (a —b)?

5. a®+ b = (a+ b)(a® — ab+ b?)

6. a® —b® = (a —b)(a® + ab + b?)

4.7 Equations and Inequalities

A linear equation in the variable x is an equation that

can be written in the form

ar+b=0 (16)

where a and b are constants and a # 0. The solution

isx=-—2,.
a

A quadratic equation in the variable z is an equation
that can be written in the form

ar’ +bx+c=0 (17)

where a, b and ¢ are constants and a # 0. The solu-

—b+ Vb2 — 4ac
r—= -
2a
Another method for solving a quadratic equation is

tion is

(18)

based on factoring and on the fact that whenever the

product of two (or more) quantities is zero, at least
one of the quantities must be zero.

Example: 22 + x — 12 = 0. Solve it in two ways.

Answer: x1 = —4, x5 = 3.

A linear inequality in the variable x is an inequality
that can be written in the form ax + b < 0 where a

and b constants and a # 0.

We solve a linear inequality with the same techniques
as solving a linear equality. Note: when multiplying
both sides of a linear inequality by a negative number,

the direction of the inequality changes.

Example: 3(s—2)+1> —2(s — 4)

4.8 Exercise

If you have difficulty in solving the following prob-
lems, you need to do a thorough review of basic alge-
bra as a prerequisite for MGT 201.

Simplify: 32 420 4-2772/3
Expand: (42% — 322 + 1) — 2(23 + 422 — 4)
Multiply: (3a?b)?(2ab3)
6
Simplify: (“2/3b3/2

a2b

9p*¢®—6p°q*+5p°¢°
3p2q?

Factor: 2rts3 — 8r2gd

Factor: z* — 8z + 1622

.12 3
Subtract: - -

42—

Simplify:

© X N e W

Simplify

ﬁ+z 4
10. Solve: 3(s —2) +1> —2(s —4)
11. Solve: 22 + 2 —12 =10

12. Solve for p: (x —p)/s > b



